because Gc refers to the depth, breadth, and application of acquired linguistic and cultural knowledge. Gsm is related to working memory, although the former only involves the ability to temporarily apprehend and maintain information in memory, whereas the later also involves the ability to perform mental operations on and utilize this information. The finding that Glr is related to reading achievement is consistent with the work of Bowers and Ishaik (2003) . Although CHC research regarding Gs is conflicting, a number of previous studies suggest that Gs plays an important role in reading (Carroll, 1993; McGrew, 1993) .
Purpose of Study
Relationships between cognitive abilities and reading achievement were examined using a measure of CHC theory, the Woodcock-Johnson III (WJ III; Woodcock, McGrew, & Mather, 2001 ). Causal models were constructed based on a review of the WJ III technical manual ) and relevant literature pertaining to reading and relationships between reading and cognitive variables (i.e., Bowers & Ishaik, 2003; Mather, 1991; McGrew, 1993; McGrew & Flanagan, 1998; Seigel, 2003; Vanderwood et al., 2002) . Structural equation modeling (SEM) procedures were applied to the nationally representative standardization sample of the WJ III to simultaneously estimate the effects of g, specific cognitive abilities, and reading skills on reading achievement. The purpose of this study is to clarify the role of g, specific cognitive abilities, and reading skills on reading achievement.
Method Participants
The WJ III standardization sample includes 8,818 participants who were randomly selected from more than 100 geographically diverse communities using a stratified, threestage sampling design. The kindergarten to 12th grade sample was used for the present study and included 4,473 participants. This sample was selected to approximate the 2000 U.S. census projections on eight specific community and participant variables: census region, community size, sex, race, Hispanic or non-Hispanic, father's education, mother's education, and type of school. Please see McGrew and Woodcock (2001) for additional information regarding the sample and the standardization process.
For the purposes of the present study, listwise deletion was used to help address incomplete data. As missing data prevent the calculation of modification indices, participants were deleted if they did not have data for each of the 21 subtests used in this study. This led to a sample of 1,861 for this study. Participants were split into samples at three developmental levels: Grades kindergarten to 3, 4 to 6, and 7 to 12. Participants were grouped into these three developmental levels to produce sufficient sample sizes for randomly splitting these samples into calibration and cross-validation samples. Some participants were randomly deleted to yield samples that are approximately the same size, as the kindergarten to 3 sample was smaller than those at the other developmental levels. The resulting sample sizes for the calibration and cross-validation samples were 269 for Grades kindergarten to 3 and 275 for Grades 4 to 6 and 7 to 12.
Instrument
The WJ III ) is a standardized, norm-referenced system designed to measure g, specific cognitive abilities, oral language, and academic achievement. The WJ III technical manual ) details empirical evidence supporting the CHC interpretation of the WJ III. Sixteen measures of cognitive ability and five measures of academic achievement were used in the present study.
Data Analysis
SEM was performed using AMOS 5.0 (Arbuckle, 2003) computer software following the method of maximum-likelihood estimation. Maximum-likelihood estimation, which assumes a multivariate normal distribution, is a very robust (Hoyle & Panter, 1995) and widely used (Kline, 1998) approach for examining free parameters (i.e., a parameter that is not fixed at any particular value by the model hypothesis). Covariance matrices were constructed from standard scores rather than raw data to account for developmental differences in item difficulty.
The theory behind SEM holds that unobserved variables are "causal" processes assumed to produce the pattern of relationships (i.e., structure) among multiple observed variables (Byrne, 2001 ). Causal models are tested by examining the extent of their consistency with relevant data sets, and empirical testing of hypotheses is accomplished by setting substantively motivated constraints (Long, 1983) . The constraints that were imposed included (a) specifying which observed variables (i.e., subtests) are affected by which latent (i.e., unobservable variables derived from manifest variables that serve as indicators) cognitive and academic factors (i.e., CHC abilities) and (b) specifying the effects of latent cognitive variables on latent achievement variables.
Multiple fit indices were used to judge the fit of the models tested in this research, as each reflects different facets of model fit. These indices were the chi-square statistic, root mean square error of approximation (RMSEA; Steiger & Lind, 1980) , the goodness of fit index (GFI; Jöreskog & Sörbom, 1993) , and the comparative fit index (CFI; Bentler, 1990) .
Model modification and cross-validation approaches (MacCallum, 1995) were used to test the imposed constraints at each developmental level. These approaches were used to reduce the chance of obtaining results that are unlikely to be replicated or are of equivocal substantive meaningfulness. The model modification stage involved evaluating the initial theoretically and research-based causal model and, when appropriate, making modifications.
The two-step model modification process used by Vanderwood and colleagues (2002) was used in the present study. First, structural paths with critical values (estimate or standard error) less than 1.96 (p > .05) or with negative values were identified. These paths were sequentially eliminated. On elimination of a path, the model was re-estimated to reflect any changes in path values that may have occurred subsequent to the removal of a weak structural path. Second, diagnostic fit information (e.g., modification indices and standardized residuals) were examined to determine if the addition of plausible (i.e., reasonably consistent with theory and logic) paths would create a better model fit. The criterion for retaining additional paths was improved model fit based on the χ 2 statistic (i.e., the value of χ 2 decreases).
Cross-validation involved group comparisons of the calibration and cross-validation samples at each developmental level. The purpose of these examinations was to gather evidence pertaining to the robustness of causal models developed during the model modification stage. Models are supported by empirical comparisons that do not yield significantly higher χ 2 values for cross-validation samples. Alternatively, obtaining significantly poorer model fit (i.e., the value of χ 2 significantly increases) for the cross-validation sample challenges the reliability and substantive meaningfulness of the model. Fit indices only reflect the overall fit of the model. The contribution of CHC abilities to reading achievement was clarified by examining the consistency of both the subtest factor loadings on latent cognitive and academic factors (i.e., CHC abilities) and the regression weights of latent cognitive variables on latent reading achievement. This was accomplished by constraining measurement weights (i.e., factor loadings of subtests on latent cognitive and academic factors) and structural weights (i.e., the regression weight for predicting latent achievement factors from latent cognitive factors) to be equal across the calibration and validation samples and conducting simultaneous multiple group comparisons of these samples. If factor loadings and regression weights are equivalent across the calibration and validation samples, then χ 2 values should show little increase when these constraints are added.
Initial Causal Model
The initial causal model in Figure 1 was the starting point for calibration at each of the three developmental levels (i.e., Grades kindergarten to 3, 4 to 6, and 7 to 12) included in this study. The measurement model within this causal model was specified using the hypothesized two-level (i.e., g and 9 broad CHC factors) and three-level (i.e., g, 9 broad CHC factors, and 17 narrow CHC abilities) confirmatory factor analysis models that appear in the WJ III technical manual ).
The predictor side of the initial causal model includes g, seven broad CHC factors (Ga, Gc, Gf, Glr, Gs, Gsm, Gv), and two narrow abilities that were included in the model because of their hypothesized role in reading achievement (phonetic coding and naming facility). Gc and Gsm, respectively, provide measures of the syntactic awareness and working memory variables described by Seigel (2003) . Phonetic coding was included to provide a more comprehensive measurement of the phonological processing variable described by Seigel. Naming facility was included to provide a measure of the RAN variable identified by Bowers and Ishaik (2003) .
The achievement side of the initial causal model includes basic reading skills and reading comprehension clusters. The basic reading skills cluster includes two untimed subtests (i.e., Letter-Word Identification and Word Attack) and measures word reading skills crucial to the development of reading ability. These skills include the ability to accurately recognize familiar words and the ability to phonologically decode unfamiliar words. The reading comprehension cluster includes two untimed subtests (i.e., Passage Comprehension and Reading Vocabulary). This cluster measures the ability to derive meaning from text at the level of individual words, sentences, and passages and requires the utilization of vocabulary, comprehension, and reasoning skills. Although the WJ III provides only one indicator of reading fluency, a reading fluency variable was included because of empirical and theoretical contributions to reading comprehension (Yovanoff, Duesbery, Alonzo, & Tindal, Benson / CHC Abilities and Reading 31 2005). Specifically, readers who can successfully derive meaning from print tend to have adequate reading fluency, and many contemporary theories of reading development view fluency as an important link between word decoding skills and reading comprehension.
The initial causal model includes direct relations between latent cognitive variables and latent achievement variables that were specified based on a review of relevant reading research (i.e., Bower & Ishaik, 2003; Evans et al., 2002; Seigel, 2003 : Vanderwood et al., 2002 . As indicated in Figure 1 , g and Gsm were hypothesized to influence all latent reading achievement variables. Ga and naming facility were hypothesized to influence basic reading skills. Gs was hypothesized to influence reading fluency, whereas Gc was hypothesized to influence reading comprehension.
The initial causal model also includes direct relations among latent achievement variables based on the continuum of reading development discussed within a position statement on developmentally appropriate practices for reading instruction developed jointly by the International Reading Association and National Association for the Education of Young Children (1998). As indicated in Figure 1 , basic reading skills were hypothesized to influence reading fluency, and reading fluency was hypothesized to influence reading comprehension. Although children do not necessarily progress along this developmental continuum in rigid sequence, it is reasonable to hypothesize that basic reading skills have an influence on reading fluency, which in turn influences reading comprehension.
Results
Results of the model modification stage are presented first. Next, results of the crossvalidation stage and results from simultaneous, multiple group comparisons of the calibration and validation samples are presented. Finally, path coefficients are presented and interpreted.
Model Modification Stage
The initial causal model displayed in Figure 1 was used as the starting point for model modification. Based on the a priori decision to sequentially eliminate structural paths with negative values or critical values (estimate or standard error) less than 1.96 (p > .05), multiple modifications had to be made to the initial causal model for each of the three developmental levels (i.e., Grades kindergarten to 3, Grades 4 to 6, Grades 7 to 12). Paths from Ga and naming facility to basic reading skills were eliminated for all developmental levels. Paths from g to reading fluency, g to reading comprehension, Gsm to reading fluency, and Gsm to reading comprehension also were eliminated for all developmental levels. The path from Gsm to basic reading skills was eliminated at Grades kindergarten to 3 and 4 to 6.
A path between Gc and basic reading skills was added for Grades 7 to 12 based on diagnostic fit information and theoretical plausibility. This path was retained for Grades 7 to 12, as it resulted in improved model fit based on the χ 2 statistic (i.e., the value of χ 2 decreased when this path was added). In addition, diagnostic fit information obtained across developmental levels indicated that allowing the error terms for the Decision Speed and Auditory Attention subtests to correlate would improve model fit. Because of the consistency of this finding and the theoretical justification that they both require attentional demands, the error terms for the Decision Speed and Auditory Attention subtests were allowed to correlate. The final reading model is displayed in Figure 2 . GFI, and CFI values for calibration and validation samples were very similar, and χ 2 differences between the calibration and validation samples were small. These findings support the replicability of the models that resulted from the model modification stage.
Fit indices reflect only the overall fit of the model. Thus, factor loadings and structural weights were constrained to be equal across the calibration and validation samples. In addition, multiple group comparisons were simultaneously conducted. As shown in Table 2 , the increase in χ 2 that resulted from adding these constraints never was much larger than the 34 Journal of Psychoeducational Assessment
Figure 2 Final Reading Model
Note: BRS = basic reading skills; NA = naming facility; PC = phonetic coding; RC = reading comprehension; RF = reading fluency. Dashed line = path added for Grades 7 to 12 only. Error terms are omitted from the model. Kline's (1998) guidelines for interpreting path coefficients mirror Cohen's (1998) recommendations to social scientists for the interpretation of correlations. Values below .10 represent weak or unimportant effects, values around .30 represent moderate effects, and path coefficients above .50 represent strong effects. As shown in Table 3 , path coefficients were quite consistent across the calibration and validation samples. These coefficients represent standardized direct effects and are significant at p < .05. Standardized indirect effects are presented in Table 4 .
Path Coefficients
The direct effect of g on basic reading skills was strong at Grades kindergarten to 3 and 4 to 6. At Grades 7 to 12, the direct relationship between g and basic reading skills was unimportant, although g had a strong indirect effect on basic reading skills. Gsm had a moderate direct effect and Gc had a moderate to strong direct effect on basic reading skills at Grades 7 to 12. Notably, the standardized path coefficient from Ga to basic reading skills was weak across the three grade levels.
Basic reading skills had a strong direct effect on reading fluency across grade levels, whereas g had a strong indirect effect on reading fluency across grade levels. The direct effect of Gs on reading fluency increased as grade level increased. Gs had a weak to moderate effect on reading fluency at Grades kindergarten to 3, a strong effect at Grades 4 to 6, and an even stronger effect at Grades 7 to 12.
Reading fluency had a strong direct effect on reading comprehension at Grades kindergarten to 3. The magnitude of this effect became moderate to weak at Grades 4 to 6 and 7 to 12. Conversely, the direct effect of Gc on reading comprehension was weak to moderate at Grades kindergarten to 3 and strong at Grades 4 to 6 and 7 to 12. Also, g had a strong indirect effect on comprehension across grade levels.
Benson / CHC Abilities and Reading 35 Note: GFI = goodness-of-fit index; CFI = comparative fit index; RMSEA = root mean square error of approximation.
Discussion
A number of conclusions are supported by the current research. First, g has a strong direct relationship with basic reading skills until about sixth grade, at which point g ceases to have a direct effect but continues to have an indirect effect mediated through Gc and Gsm. Basic reading skills appear to have a strong direct effect and g appears to have a strong indirect effect on reading fluency across grade levels. The effect of Gs on reading fluency appears to Note: C = calibration sample; V = validation sample.
increase with age, initially having a weak to moderate effect and increasing to a strong effect by Grades 4 to 6. Reading fluency initially has a strong direct effect on reading comprehension at Grades kindergarten to 3, but this effect decreases to a weak to moderate effect by Grades 4 to 6. Conversely, the direct effect of Gc on reading comprehension increases from weak to moderate at Grades kindergarten to 3 to a strong effect by Grades 4 to 6. Finally, g appears to have a strong indirect effect on comprehension across grade levels.
Contribution of g
Recent research (Glutting, Watkins, Konold, & McDermott, 2006 ) supports the conclusion that specific cognitive abilities do not substantially improve prediction of reading achievement beyond the contribution of g. However, this conclusion is based on analyses of reading achievement as a composite variable. When component reading skills are analyzed, g seemingly does not have an appreciable direct effect on reading fluency or reading comprehension. However, g does have a strong indirect effect on reading fluency and reading comprehension through the contribution of specific cognitive abilities and its important role in the development of word reading skills. The development of word reading skills appears to be dependent largely on g, as g has a strong direct effect on basic reading skills in Grades kindergarten to 3 and 4 to 6. The direct effect of g on basic reading skills appears to diminish for students in Grades 7 to 12, perhaps because they have developed a large sight-word vocabulary.
Contribution of Gc
The influence of Gc on basic reading skills is minimal at Grades kindergarten to 3 and 4 to 6 and moderate to strong at Grades 7 to 12. This finding may be related to the improvement of reading strategies as children age. That is, older children may develop strategies allowing them to better utilize their background knowledge.
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The results of this study suggest that the influence of Gc on reading comprehension increases as children develop basic reading skills. This finding is consistent with the results of previous research (e.g., Yovanoff et al., 2005) and may reflect a bidirectional relationship (i.e., the "Matthew effect") between Gc and reading comprehension. Thus, acquired verbal knowledge may improve reading comprehension, which in turn may stimulate the development of Gc.
Contribution of Gs
The results of this study are consistent with reports by Vanderwood and colleagues (2002) that Gs does not have a significant effect on basic reading skills or reading comprehension. However, Vanderwood and colleagues did not examine reading fluency in their research. The present study suggests that Gs's influence on reading fluency initially is weak to moderate and becomes strong by Grades 4 to 6.
Contribution of Gsm
The effect of Gsm on basic reading skills is minimal at Grades kindergarten to 3 and 4 to 6 and moderate at Grades 7 to 12. This finding is not supported by previous multivariate research regarding CHC abilities and reading achievement. The reason for this finding may relate to students in Grades 7 to 12 being expected to read longer and more complex words than elementary children. Reading these lengthy, complex words may place additional demands on short-term memory.
Contribution of Ga
The results of this study suggest that Ga does not have a significant effect on reading achievement. Vanderwood and colleagues (2002) found a relationship between Ga and word attack (a subtest designed to measure the ability to phonologically decode unfamiliar words). The present study examined the effects of Ga on word reading efficiency (i.e., the basic reading skills cluster that measures the ability to read familiar words and to phonologically decode unfamiliar words) rather than specifically examining phonological decoding.
Contributions of Basic Reading Skills and Reading Fluency
As basic reading skills increase, reading fluency increases. Children who have difficulty with basic reading skills are unlikely to fluently read. Children who are unable to fluently read will struggle with comprehension. The magnitude of the relationship between reading fluency and reading comprehension decreases for Grades 4 to 6 in comparison to Grades kindergarten to 3. This suggests that as reading skills develop, children surpass a minimum threshold of competence, at which point reading fluency no longer predicts reading comprehension.
The use of multiple indicators may have provided a more reliable estimate of this variable. Moreover, reading fluency is often measured by recording the number of words correctly read. The reading fluency indicator used in this study measures silent reading fluency and requires children to quickly read a series of statements for 3 minutes and indicate if they are true or false. All children who completed this task were given the same set of statements, regardless of their level of reading proficiency. Unlike fluency indicators that measure the number of words correctly read, the task used in this study requires reading comprehension skills and some degree of psychomotor speed.
The use of more indicators of basic reading skills would have also added to this study. Only single indicators of word attack and word reading skills were used. The single indicator problem was addressed by considering the Word Attack and Letter-Word Identification subtests to be indicators of basic reading skills. This may have obscured important relationships (e.g., collapsing word attack and word reading into basic reading skills may have obscured relationships related to word reading with and without semantic access).
Implications
Other studies that simultaneously examine both the influence of intellectual variables on reading achievement and the influence of reading subskills on more complex reading skills could not be located. In doing so, this study allows researchers and clinicians to gauge the relative contribution of each. Moreover, this study provides broad timelines for the influence of intellectual abilities and reading subskills on reading development.
Implications for Assessment, Instruction, and Intervention
The results of this study suggest that basic reading skills and reading fluency contribute to reading comprehension, and thus their measurement may assist with prevention or remediation of reading problems. For example, repeated measurement of a reading skill (i.e., progress monitoring) within a problem-solving model may contribute to positive outcomes for children.
The results of this study also suggest that g and specific cognitive abilities play important roles in reading achievement. As intellectual abilities play important roles in reading development, their assessment is an appropriate component of comprehensive evaluations for children suspected of having a reading disability and may contribute to positive outcomes. For example, specific intellectual abilities have been shown to differentiate groups of children with specific learning disabilities from groups of children with low achievement (Kavale, Fuchs, & Scruggs, 1994) . Identifying learning strengths and deficits potentially may lead to better instructional planning and intervention selection.
Future Directions
The results of this study need to be replicated using other measures of reading achievement, including multiple indicators of phonological decoding skills, reading fluency, and reading comprehension. This would require administration of multiple achievement batteries and curriculum-based measures. Moreover, the results of this study need to be replicated using other measures of intelligence because g varies as a function of the particular mental Benson / CHC Abilities and Reading 39 tasks included on any given intelligence test. Research is also needed to determine if the relationships between intellectual and academic variables identified in this study are conceptually and functionally equivalent in children with reading problems.
Finally, research is needed to examine how information gathered through a CHC approach to assessment contributes to intervention. This contribution can be evaluated by comparing groups in which specific information was used to guide the development of interventions to groups that did not utilize this information. Such comparisons would help determine the extent to which specific assessment information contributes to beneficial intervention outcomes.
